Introduction Global initiatives to improve breastfeeding practices have focused on the Ten Steps to Successful Breastfeeding. The aim of this study was to assess the effect of implementing Baby-Friendly Hospital Initiative (BFHI) steps 1-9 and BFHI steps 1-10 on incidence of diarrhea and respiratory illnesses in the first 6 months of life. Methods We reanalyzed a cluster randomized trial in which health-care clinics in Kinshasa, Democratic Republic of Congo, were randomly assigned to standard care (control group), BFHI steps 1-9, or BFHI steps 1-10. Outcomes included episodes of diarrhea and respiratory illness. Piecewise Poisson regression with generalized estimation equations to account for clustering by clinic was used to estimate incidence rate ratios (IRR) and 95% confidence intervals (CI). Results Steps 1-9 was associated with a decreased incidence of reported diarrhea (IRR 0.72, 95% CI 0.53, 0.99) and respiratory illness (IRR 0.48, 95% CI 0.37, 0.63), health facility visits due to diarrhea (IRR 0.60, 95% CI 0.42, 0.85) and respiratory illness (IRR 0.47, 95% CI 0.36, 0.63), and hospitalizations due to diarrhea (IRR 0.42, 95% CI 0.17, 1.06) and respiratory illness (IRR 0.33, 95% CI 0.11, 0.98). Addition of Step 10 attenuated this effect: episodes of reported diarrhea (IRR 1.24, 95% CI 0.93, 1.68) and respiratory illness (IRR 0.77, 95% CI 0.60, 0.99), health facility visits due to diarrhea (IRR 0.76, 95% CI 0.54, 1.08) and respiratory illness (IRR 0.75 95% CI 0.57, 0.97), and hospitalizations due to respiratory illness (IRR 0.48 95% CI 0.16, 1.40); but strengthened the effect against hospitalizations due to diarrhea (IRR 0.14, 95% CI 0.03, 0.60). Conclusions Implementation of steps 1-9 significantly reduced incidence of mild and severe episodes of diarrhea and respiratory infection in the first 6 months of life, addition of step 10 appeared to lessen this effect. Trial Registration NCT01428232.
Introduction
Between 1990 and 2015, the global annual mortality in children younger than 5 years has fallen substantially, from more than 12-5.9 million (You et al. 2015) , but progress has been inconsistent between countries. In 2015, the risk of a child dying before 5 years of age in sub-Saharan Africa, was more than 11 times that of a child in high income countries (You et al. 2015) . Diarrhea, along with pneumonia, are the leading infectious causes of childhood morbidity and mortality . Each year, an estimated 1.3 million children die from pneumonia and 700,000 from diarrhea ). Most of those deaths occurred among younger age groups (Das et al. 2014) . Pneumonia and diarrhea remain largely preventable diseases and causes of death. If current evidencebased interventions could be scaled up optimally, 95% of diarrhea and 67% of pneumonia deaths could be prevented .
Practicing optimal breastfeeding, including initiation of skin-to-skin contact with breastfeeding within 1 h of birth, exclusive breastfeeding (EBF) with no additional fluid or food for 6 months, and complementing breastfeeding with age appropriate food after 6 months and continuation of breastfeeding until 24 months and beyond (Kramer and Kakuma 2012) , is the most cost-effective intervention to prevent under five mortality (Victora et al. 2016 ). Yet, in low-income countries in sub-Saharan Africa where the burden of under-five mortality is highest, just over a third of 0-5 month old infants are exclusively breastfed, despite near universal breastfeeding initiation (Victora et al. 2016) .
The Democratic Republic of Congo (DRC) is a typical example of this mismatch. With an under-five mortality rate of 98 for every 1000 live births, DRC bears the third largest burden of child deaths worldwide, after Nigeria and India (You et al. 2015) . In the DRC, 116 out of every 1000 live newborns in 2010 who survived through the first 28 days, subsequently died before their fifth birthday, with an estimated 20 due to diarrhea and 23 due to pneumonia (Liu et al. 2012) . Though nine out of ten children in DRC are still being breastfed at 1 year of age, poor exclusivity of breastfeeding is a major problem. National surveys show that, only 69% of babies aged 0-1 month and 35% of those aged 2-3 months (about 10-14 weeks) were exclusively breastfed (Ministere du Plan, Institut National de la Statistique, & UNICEF 2010) .
Following the Innocenti conference in 1989, global initiatives to improve breastfeeding practices have focused on maternity-level policies and practices known as the Ten Steps to Successful Breastfeeding (WHO/UNICEF 1989), which are the basis for the Baby-Friendly Hospital Initiative (BFHI) (UNICEF 2005) . In a recent cluster randomized controlled trial in Kinshasa, the capital city of DRC, we showed that implementation of steps 1-9 of the Ten Steps to Successful Breastfeeding (the key component of the BFHI), more than triples the prevalence of EBF at 6 months, and statistically reduces the prevalence of diarrhea by about half, but reduction in respiratory infections was not statistically significant (Yotebieng et al. 2015) . As per the study protocol, only data from week 14 and 24 were analyzed, despite infection incidence data collected every month after week 6. In this analysis, we used all available data to assess the effect of the implementation of BFHI steps 1-9 and BFHI steps 1-10 on incidence of diarrhea and respiratory infections.
Methods

Study Design and Participants
Data came from a cluster randomized control trial of breastfeeding promotion in Kinshasa, DRC (trial registration: NCT01428232). Details of the design and primary outcomes have been reported elsewhere (Yotebieng et al. 2013 (Yotebieng et al. , 2015 . Briefly, six health facilities were randomized to either standard of care (control), BFHI steps 1-9 (steps 1-9), or BFHI steps 1-9 with additional support provided in well-child clinics (steps 1-10). In facilities randomized to both steps 1-9 and steps 1-10, health-care staff from antenatal and maternity care (i.e. delivery rooms and post-partum wards) were trained using the WHO/UNICEF materials (Box 1). In facilities randomized to steps 1-10, staff additionally distributed flyers in the post-partum ward to women and families. Flyers contained culturally appropriate messages developed to address the keys behaviors that were identified as main contributors to the sub-optimal breastfeeding practices in the pretrial survey (Yotebieng et al. 2013) . Between May 24 1 3
and August 25, 2012, all women who had a healthy singleton birth in each of the six health facilities were enrolled if they intended to attend well-baby clinic visits and consented to be part of the study. Participants were followed through 24 weeks after enrollment.
Measures
Information on outcomes and other key variables were collected through face-to-face interviews at enrollment (in the post-partum ward 2-3 days after birth), 1 week (during the post-partum clinic visit), 6, 10, 14, 18, and 24 weeks (during well-child visits) following delivery. At each interview, exclusive breastfeeding, defined as breast feeding with no other foods or liquids, was assessed. Starting at 6 weeks, women were asked whether their infant had experienced any diarrhea or respiratory illness (defined as fever and cough) since the previous interview. For infants with reported diarrhea or respiratory illness, women were asked if they sought advice or treatment for their infant's illness at a health center, and whether their child was hospitalized for the illness.
The primary outcomes of this analysis are: (1) episodes of (a) diarrhea, (b) respiratory illness; (2) health facility visits attributable to (a) diarrhea, (b) respiratory illness; and (3) hospitalizations attributable to (a) diarrhea, (b) respiratory illness. All outcomes were self-reported at interviews. Health facility visits were defined as an infant having the defined illness and their mother reporting taking them to a health center for treatment. Hospitalization was defined as having the illness and being hospitalized for that illness.
Baseline (at delivery) socio-demographic characteristics considered for adjustment in the analyses include: woman's age in years (continuous), dichotomized education level (primary or less/secondary or higher), dichotomized marital status (married/live-in boyfriend, never married/separated/divorced), dichotomized parity (primipara/multipara), previous child death (yes/no), whether the woman wanted the child at its conception and if not, whether she wanted no more children or wanted a child at a later time (yes, later, no more children), number of antenatal care visits (< 4/≥ 4), and quintiles of socioeconomic status (SES). To determine SES quintiles, principal component analysis (PCA) was used. To determine the SES measure, the average number of household members per room (indication of crowding), number of beds in household, household water source (communal or private pipe), cooking fuel type (electric stove or wood/charcoal), and ownership of durable assets (radio, refrigerator, mobile phone, television) were included in the PCA model. The first component explained 21.2% of the variability in the data. Due to similarities, the top two and bottom two quintiles were merged (1st or 2nd quintile/3rd quintile/4th or 5th quintile).
Statistical Analysis
Simple piecewise Poisson regression models were used to estimate the effect of each intervention. To account for potential clustering at the clinic level, generalized estimation equations were used. For each follow-up interval time (time between the previous and the current interview), personweeks were allotted as follow: half of the interval length for participants with a reported episode of an outcome of interest or who were lost-to-follow-up (LTFU), and the full length of the interval for the rest of participants. Baseline characteristics statistically associated with any of the outcomes considered were included in a multivariate piecewise Poisson regression model. All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC). The study design and implementation were approved by University of North Carolina IRB and the Kinshasa School of Public Health ethical committee and the analysis was approved by Ohio State University IRB.
Box 1 Ten Steps to Successful Breastfeeding as basis for the Baby-Friendly Hospital Initiative
Step 1 Having a written breastfeeding policy that is routinely communicated to health-care staff 2
Training all health-care staff in skills necessary to implement this policy 3
Informing all pregnant women about the benefits and management of breastfeeding 4
Helping mothers to initiate breastfeeding within 30 min of birth 5
Showing mothers how to breastfeed and maintain lactation, even if separated from their infants 6
Giving newborn infants no food or drink other than breastmilk, unless medically indicated, and not accepting free/low-cost breastmilk substitutes, feeding bottles, or teats 7
Allowing mothers and infants to remain together 24 h per day 8
Encouraging breastfeeding on demand 9
Giving no artificial teats or pacifiers to breastfeeding infants 10
Fostering the establishment of breastfeeding support groups and referring mothers to them on discharge from hospital or clinic
Results
Population Characteristics
Overall, 931 of the 975 mother-infant pairs included in the original sample had at least one follow-up visit at or after week 6, and were included in this analysis. The baseline characteristic distributions were similar to the distributions reported for the entire sample (Yotebieng et al. 2015) . Women in the control group were on average older and more likely to have attended at least four antenatal visits compared to women in the two intervention groups ( Table 1) . At 1 week postpartum, the prevalence of EBF in the steps 1-10 group, the steps 1-9 group, and the control group was 96, 93, and 68%, respectively. At week 6, the proportion remained relatively unchanged in step 1-9 group (90%), but dropped to 81% in the steps 1-10 group and 51% in the control group. The prevalence of EBF in the step 1-10 group continued to drop at an accelerated pace through 18-24 weeks (Fig. 1) .
Incidence of Diarrhea, Facility Care or Hospitalization for Diarrhea and Association with Baseline Socio-demographic Characteristics
During the 18,932 person-weeks of follow-up contributed by the 931 mother-infant pairs for diarrheal illness, 833 episodes of diarrhea were reported (incidence rate (IR) = 1.7 episode/100 person-weeks; 95% CI 1.5, 1.9). Of these episodes, 480 resulted in seeking care for the infant in a health facility (IR = 1.0 episode/100 person-weeks; 95% CI 0.9, 1.2) and 82 in the hospitalization of infant (IR = 0.1 episode/100 person-weeks; 95% CI 0.1, 0.2). Although the incidence rate of diarrhea did not vary by wealth index, infants of women in the lower two quintiles of wealth index were more likely to experience episodes of diarrhea that resulted in hospitalization. The incidence rate of hospitalization among infants of women in the lowest two quintiles of SES was 4.04 (95% CI 1.32, 12.39) times that among infants of women in the highest two quintiles of SES (Table 2) .
Incidence of Respiratory Infections, Facility Care or Hospitalization for Respiratory Illness and Association with Baseline Socio-demographic Characteristics
During the 18,701 person-weeks of follow-up contributed by the 931 mother-infant pairs for respiratory illness, 989 episodes of respiratory infections were reported (IR = 2.1 episode/100 person-weeks; 95% CI 1.9, 2.4). Of these episodes, 860 resulted in participant seeking care in a health facility (IR = 1.9 episode/100 person-weeks; 95% CI 1.7, 2.1) and 59 in the hospitalization of the infant (IR = 0.1 episodes/100 person-weeks; 95% CI 0.1, 0.2). Infants whose mother had secondary or higher education, or was in the highest two wealth quintile were less likely to have reported respiratory infections and substantially less likely to be hospitalized for respiratory infections (Table 3) . Infants of women who reported they wanted their child at a later time were also less likely to experience respiratory infections during follow-up.
Effect of Implementing Steps 1-9, or Steps 1-9 plus Additional Support During Well-Child Visits (Steps 1-10 Group) on Episodes of Diarrhea and Respiratory Infections
The incidence rate of diarrhea was lower among infants randomized to the steps 1-9 group compared to control group (IRR 0.72; 95% CI 0.53, 0.99). Infants in clinics that implemented steps 1-9 experienced fewer episodes of severe diarrhea that led to seeking care at health care facilities (IRR 0.60; 95% 0.42, 0.85) and hospitalization (IRR 0.42; 95% CI 0.17, 1.06), compared to control clinics. Adjusting for baseline characteristics did not change results substantially (Table 4) . Although not statistically significant, the rate of diarrhea was higher among infants who received care in clinics implementing steps 1-10 groups (IRR 1.24; 95% CI 0.93, 1.68), compared to control clinics. However, the steps 1-10 group had a lower rate of episodes of diarrhea that resulted in hospitalization (IRR 0.12; 95% CI 0.03, 0.53).
The rate of any respiratory infections among infants in steps 1-9 group was half that of infants in the control group (IRR 0.48; 95% CI 0.37, 0.63). Steps 1-9 offered similar protection for respiratory infections that resulted in seeking care in a health facility (IRR 0.47; 95% CI 0.36, 0.63) and protection against severe episodes that resulted in hospitalization (IRR 0.33; 95% CI 0.11, 0.98), compared to controls. Steps 1-10 was also associated with lower rates of respiratory infection, although the effect was weaker (Table 4) . Adjustment for baseline socio-demographic characteristics did not change either of the results substantially.
Discussion
In this reanalysis, we used all available data from the original trial to assess a "short cut" implementation of the Ten Steps to Successful Breastfeeding (step 1-9 interventions), on incidence of diarrhea and respiratory illness, and the severity of the episodes. The original analysis was limited to the incidence of diarrhea at 14 and 24 weeks, and though the intervention was found to reduce diarrhea, statistically significance was not achieved for respiratory infections (Yotebieng et al. 2015) . Our updated analysis used all available information, showing that implementation BFHI steps 1-9 was highly protective against diarrhea and respiratory illness in the first 6 months of life. Addition of step 10, in the Fig. 1 Prevalence of exclusive breastfeeding from 0 to 24 weeks by clinic randomization. Exclusive breastfeeding was defined as breastfeeding with no additional fluid or food. Exclusive breastfeeding was assessed at 1 h after birth, 2-3 days after birth, age 1, 6, 10, 14, 18, and 24 weeks. For Baby-Friendly Hospital Initiative (BFHI) steps 1-9, health-care staff from antenatal and maternity care (i.e. delivery rooms and post-partum wards) were trained using the WHO/UNICEF materials. For BFHI steps 1-10, health-care staff were trained using the WHO/UNICEF materials and additionally distributed flyers containing culturally appropriate messages developed to address the key behaviors that were identified as main contributors to the sub-optimal breastfeeding practices in the pretrial survey to women and their families. Control clinics provided the standard of care Table 2 Episodes of diarrhea, facility care, or hospitalization for diarrhea among 931 infants by their mothers' sociodemographic characteristics at enrollment IR incidence rate, IRR incidence rate ratio, 95% CI 95% confidence interval a For all 95% CIs, generalized estimating equations were used to account for clustering at the clinic level. IR and IRR were estimated using piecewise Poisson models with intervals between study visits as a categorical time variable Table 3 Episodes of respiratory infections, facility care or hospitalization for respiratory illness among 931 infants by their mothers' sociodemographic characteristics at enrollment IR incidence rate, IRR incidence rate ratio, 95% CI 95% confidence interval a For all 95% CIs, generalized estimating equations were used to account for clustering at the clinic level. IR and IRR were estimated using piecewise Poisson models with intervals between study visits as a categorical time variable form of breastfeeding support provided by healthcare workers during well-baby clinic visit and educational materials printed in local languages, attenuated this effect except for severe diarrhea that resulted in hospitalization. For diarrhea cases requiring hospitalization it appeared to strengthen the protective effect compared to steps 1-9. Optimal breastfeeding is well known to protect against diarrhea or lower respiratory tract infections (Ip et al. 2007 ). For the past three decades, global initiatives to improve breastfeeding practices have focused on the Ten Steps to Successful Breastfeeding. Recently, BFHI has been revised and updated to address intertwined HIV/AIDS issues (WHO/UNICEF 2009). However, the need for additional resources to set up and run community support groups (one approach to step 10 in the initiative) has been a major barrier for BFHI's scale-up in resource-poor settings. In the DRC, the main attempt to implement BFHI steps was headed by UNICEF in the early 2000s as part of a national breastfeeding promotion campaign. Overall, 25 out of more than 6,000 eligible health facilities were certified through this effort, including 13 in Kinshasa. The last hospital certified was in 2004 in the Katanga province before the funding stopped. The DRC simply does not have the means to invest in establishing community support groups. This analysis provides additional evidence that promotion of EBF is a key intervention to accelerate gains in child survival in poor resource settings where infectious diseases and nutritional deficiencies are the dominant causes of mortality among children, like the DRC (Wang et al. 2015) . Results from this re-analysis also support the conclusion of the initial analysis that implementation of BFHI steps 1-9 is an effective strategy that is scalable in low resource settings. These results also lend additional support to recent calls to revisit BFHI steps that followed publication of initial results (Hoddinott 2016; Yotebieng and Behets 2016) .
The reason why the addition of step 10 attenuates the protective effect of steps 1-9 has been discussed previously (Hoddinott 2016; Simmer and Patole 2015; Yotebieng and Behets 2016) . Concerns about breastfeeding that arise in the first weeks after hospital discharge are the strongest predictors of cessation of EBF (Wagner et al. 2013) . Between week 1 and week 6, a rapid drop in prevalence of EBF in the step 1-10 group (96-81%) compared to a relatively stable prevalence (93-90%) in step 1-9 group, was observed. A possible result of the flyers women took home after discharge from the maternity ward and increased family member involvement, is that it might have brought about more concerns regarding EBF. In addition, after those women Table 4 Effect of implementing steps 1-9, or steps 1-9 plus additional support during well-child visits (steps 1-10 group) on episodes of diarrhea and respiratory infections IRR incidence rate ratio, 95% CI 95% confidence interval a For all 95% CIs, generalized estimating equations were used to account for clustering at the clinic level. IR and IRR were estimated using piecewise Poisson models with intervals between study visits as a categorical time variable b Adjusted for socio-economic status, whether the woman wanted a child at its conception, education, and previous child death
Control
Steps 1-9 group Steps 1-10 group returned to the clinic for the week 6 visit, feeling pressure from nurses regarding EBF may have led to some discouragements and thus the continuous drop in EBF prevalence. Generally, efforts to implement step 10 have not been successful at increasing or maintaining optimal breastfeeding practices (Hoddinott et al. 2012) , thus the call for the WHO and UNICEF to revised the BFHI policy (Hoddinott 2016; Yotebieng and Behets 2016) . Despite the fact that the data comes from a well-implemented cluster randomized trial, this analysis has several limitations. First, only participants in the original trial who remained in care through at least the 6-week visit were eligible for inclusion. However, baseline characteristics of excluded mother-infant pairs were not substantively different. Second, outcomes were reported by mothers and misclassification is possible. Time between follow-up visits was also several weeks (4-6 weeks), increasing the possibility of recall bias. Nonetheless, given the randomized nature of the study and the fact that participants were not told which group they were in, any potential misclassification is likely non-differential, meaning the observed effect is likely conservative. Third, the exact time of occurrence of each episode of outcomes is unknown, and midpoints were used instead. Lastly, about 12% of participants were LTFU before the end of the study. However, in a sensitivity analysis where the infants of women LTFU were considered to have the outcome of interest, the results did not change substantially (Supplement 1).
Conclusion
Implementation of basic training in BFHI steps 1-9 significantly reduced incidence of mild and severe episodes of diarrhea and respiratory infection in the first 6 months from birth. Additional support based on the same training materials and locally available breastfeeding support materials, offered during well-child visits (i.e. step 10) lessened, the protective effect by reducing EBF.
